Volatile constituents of four Thai fragrant orchid species, Rhynchostylis gigantea Ridl., Rhynchostylis gigantea var. harrisonianum Holtt., Vanda coerulea and Dendrobium parishii Rchb. f., were examined by Gas Chromatography-Mass Spectrometry (GC-MS). Three parts of each plant sample (the flowers, leaves and roots) were analyzed for volatile compounds using the Headspace -Solid-Phase Microextraction method (HS-SPME). Alcohols, aldehydes, alkanes, esters, ethers, ketones, monoterpenes and sesquiterpenes were identified quantitatively from the volatile compounds isolated from the flower parts. The aromatic compounds isolated differed among the orchid species. The major aromatic compounds of the flowers of R. gigantea, R. gigantea var. harrisonianum, V. coerulea and D. parishii. were nerol (25.42%), 2,3-dihydrofarnesol (34.30%), nonanal (34.69%) and 2-pentadecanone (43.47%), respectively.
INTRODUCTION
Many volatile compounds from plant flowers are pleasant to humans and have potential applications as components of perfumes. Thus, there is demand to characterize and synthesize new aromatic compounds to fulfill these purposes. Toward this end, many studies have identified the substances responsible for the characteristic aromas and flavors of many flowers.
Thailand is located in the tropical zone of Southeast Asia, with many endemic orchid species distributed across the country. Some important groups of orchids include: Dendrobium, Bulbophyllum, Eraia and Vanda. Because of their beautiful flowers and attractive scent, orchids are used predominantly as ornamental plants. Orchid plants are the largest and most evolved family of flowering plants. Numerous orchid species have been used in many parts of the world for their therapeutic properties and medicinal value, including as a bronchodilator, cooling agents and snakebite remedies (Arditti, 1992; Hossain, 2011) . Several studies have reported isolating chemical compounds from orchids and shown that some of their constituents are valuable for their medicinal value (immunomodulatory activity, antioxidant activity and antitumor activity) as well as for their aromatic products (Ye et al., 2002; Lo et al., 2004; Cai et al., 2004; Wong et al.; Luo et al., 2009; Wang et al., 2010) .
Four species of orchid plants were selected for study: Rhynchostylis gigantea, Rhynchostylis gigantea var. harrisonianum Holtt., Vanda coerulea and Dendrobium parishii Rchb. f. These species were selected because they are endemic to Thailand, easily grown, widely available and popular. These aspects have also made them high-valued agricultural exports, particularly Dendrobium.
Solid-phase microextraction (SPME) was developed by Arthur and Pawliszyn in 1990 (Arthur and Pawliszyn, 1990 ). The technique is increasingly useful in organic analytical chemistry because it is a fast, simple and solventless extraction procedure with the capacity to produce high extract concentrations. SPME has been used to analyze the volatile compounds in many plants and some products such as lavender flower (An et al., 2001) , pesticides in water (Cortada et al., 2009 ), olive oil (Kandylis et al., 2011) , honey (Plutowska et al., 2011 ), papaya (Fuggate et al., 2010 , fermented soy product (Dajanta et al., 2011) , red wine (Zhang et al., 2011) and biological and environmental water samples (Aresta et al., 2010) . SPME is also advantageous because it diminishes the decomposition of the plant compounds, minimizes enzyme activity and decreases the loss of constituents.
The aim of this study is to characterize the volatile compounds derived from the flowers, leaves and roots of four Thai fragrant orchid species, Rhynchostylis gigantea Ridl., Rhynchostylis gigantea var. harrisonianum Holtt., Vanda coerulea and Dendrobium parishii Rchb. f. using the HS-SPME technique coupled with GC-MS. This study is the first report on volatile compound identification of four Thai fragrant orchids, including their plant parts. The identified constituents may provide useful ingredients for cosmetics or medicinal applications. Our findings will be applied to other studies of fragrant orchids.
MATERIALS AND METHODS

Plant materials
Four Thai fragrant orchids species (R. gigantea Ridl., R. gigantea var. harrisonianum Holtt., V. coerulea and D. parishii Rchb. f.) were collected from a cultivated farm in Chiang Mai Province, Thailand during February-March 2010. Voucher specimens were deposited in the Herbarium of the Faculty of Pharmacy, Chiang Mai University, Thailand, with code number 02109-02112. Plant materials for analysis were taken from the flowers, leaves and roots of each sample.
HS-SPME extraction
An AOC 5000 Combi PAL SPME holder (CTC Analytics AG., Switzerland) was used with a 65 µm polydimethylsiloxane/divinylbenzene (PDMS/DVB) fiber assembly (Supelco, Bellefonte, PA, USA). Before using, the fiber was conditioned as recommended by the manufacturer. The samples were placed in 20 ml screwcapped glass vials (National Sciencetific, Rockwood, TN, USA). First, the fiber was suspended in the headspace and equilibrated for 30 min. in the agitator (500 rpm, 80°C). Then, the fiber was introduced into the GC injector. The desorption time was 2 min.
Instrumentation
A Shimudzu GCMS-QP 2010 Plus system (Shimudzu, Kyoto, Japan) was used, with a mass-selective detector with electron impact ionization. Analytes were separated by using a DB-5 MS capillary column of 5% phenylmethylpolysiloxane, 30 m × 0.25 mm with a phase thickness of 0.25 µm from J. & W. Scientific, USA. During analysis, the initial temperature was 60°C, then increased to 200°C at the rate of 5°C/min. The final temperature was held for 10 min. The injector temperature was 180°C. Helium (99.999%) was the carrier gas, maintained at a flow rate of 1 ml/min. Split injection with a ratio of 1:5 was used.
The mass spectrometer was fitted with an electron impact ionization source operated at 70 eV with an ion source temperature of 200°C and mass spectra were recorded in the range m/z 40-400 amu in the full-scan acquisition mode. Volatile compounds were identified by comparing the obtained mass spectra of relevant chromatographic peaks with spectra of the WILEY 7 library and Kovats retention indices with other published mass spectra (Adam, 2007) . Figure 1 shows the total ion GC-MS patterns performed by HS-SPME of the volatile compounds of four Thai fragrant orchid species flowers, R. gigantea, R. gigantea var. harrisonianum, V. coerulea and D. parishii. Sixty-one volatile compounds were detected from R. gigantea. The main volatile compounds of the flowers, leaves and roots were nerol (25.42%), hexahydrofarnesyl acetone (26.03%) and heptadecane (14.93%), respectively (Table 1) . Fifty-eight volatile compounds were obtained from R. gigantea var. harrisonianum. The main volatile compounds of the flowers, leaves and roots were 2,3-dihydrofarnesol (34.30%), hexadyhydrofarnesyl acetone (19.53%) and 1-methoxy naphthalene (26.32%), respectively (Table 2 ). In V. coerulea, fifty-four volatile compounds were detected. The main volatile compounds of the flowers, leaves and roots were nonanal (34.69%), dihydroedulan (15.45%) and heptadecane (25.33%), respectively (Table 3) . Fifty-five volatile compounds were isolated from D. parishii. The main compound obtained from the flowers and roots was 2-pentadecanone 43.47% and 20.51%, respectively. The main compound obtained from the leaves was nonanal (18.02%) (Table 4) . 
RESULTS
DISCUSSION
In the genus Rhynchostylis, our study identified nerol and 2,3-dihydrofarnesol as the primary volatile compounds in the flower parts of R. gigantea and R. gigantea var. harrisonianum. This differed from those previously found by Pisutthanan (2008) , which identified (Z,Z)-9,12-octadecadienoic acid methyl ester, hexadecanoic acid methyl ester and (Z,Z,Z)-9,12,15-octadecatrienoic acid methyl ester as the primary volatile compounds in the flowers of the same species. This is likely due to the accuracy of our HS-SPME methodology (see discussion below). The primary volatile compounds we found in the flowers of R. gigantea and R. gigantea var. harrisonianum also vary from those found in different species of the same genus. Kaiser (1993) identified (E)-ocimene (47.0%) as the primary volatile compound in flowers of R. coelestis. In contrast, the nerol we identified here compares to what others found in some flowers from other genus, including Michelia alba (Shang et al., 2002) , Vallaris glabra (Wongpornchai et al., 2003) and Rosa damascene (Ozel et al., 2006) .
In the genus Vanda, we identified three primary volatile compounds in V. coerulea: nonanal, dihydroedulan and heptadecane. The few prior studies of V. coerulea only identified some phenolic compounds, such as anthocyanins from the flowers (Tatsuzawa et al., 2004) and stilbenoids from the stems (Simmler et al., 2010) , rather than the volatile compounds we found. Kaiser (1993) found different primary volatile constituents in other orchid species of the same genus Vanda: V. coerulescens (methyl decatrienoate -27.0%); V. denisoniana (linalool -66.0%) and V. tessellate (methyl benzoate -61.5%). In contrast, the alkyl aldehyde (nonanal) we identified in V. coerulea has been found in some flowers from other genus, including Vallaris glabra (Wongpornchai et al., 2003) , Anacardium occidentale (Maia et al., 2000) and Azadirachta indica (Aromdee and Sriubolmas, 2006) .
In the genus Dendrobium, we identified the compound 2-pentadecanone as the primary volatile compound in D. parishii. This has also been reported in the plant parts of other flowers in the same genus, such as D. anosmum (Kaiser, 1993) and in other flowers of a different genus, the rose hybrid plant (Kim et al., 2000) . The main volatile compounds obtained from the plants studied here likely differed from previous findings due to the choice of methodology. The HS-SPME method used here is able to extract a plant's volatile compounds with high accuracy, without destroying or losing some compounds in the process, providing a close match to what exists in the natural plant. Other conventional methods may lose or destroy compounds during extraction and analysis. None of the research cited above used the HS-SPME method.
To our knowledge, this is the first report on volatile compound identification of the four Thai fragrant orchid species Rhynchostylis gigantea Ridl., Rhynchostylis gigantea var. harrisonianum Holtt., Vanda coerulea and Dendrobium parishii Rchb. f. Among the isolated volatile compounds, alcohols, aldehydes, alkanes, esters, ethers, ketones, monoterpenes and sesquiterpenes were identified not only from the orchid flowers but also from the leaves and roots as well. These isolates might prove useful for cosmetics because of their aromatic properties. Suggested further research includes identifying the actual quantities of each isolated compound as well as their specific biological activities in order to identify best potential uses medicinally and/or cosmetically.
